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vABSTRACT
In recent technology, multiple wireless access network types are used in
heterogeneous networks. This wireless networks are integrated to complement each
other in terms of coverage, data rate, mobility support and price. A single device can
be integrated with multiple wireless protocol such as Wireless Local Area Network
(WLAN) and Worldwide Interoperability for Microwave Access (WiMAX), such
devices are constrained by performance, weight, cost, size and ease of installation,
hence, low profile antennas are required. WLAN (2.4, 5.2 and 5.8 GHz) and WiMAX
(3.5 and 5.5 GHz ) applications operates on various standards. To meet the requirement
of this standards, a reconfigurable multi-band antenna is proposed in this project. The
proposed antenna is composed of a two pairs of F shaped strip, placed within a slotted
ground plane and fed by a Coplanar Waveguide (CPW) printed on an FR4 board.
The two pairs of F strips, are coupled to the ground plane by means of switches.
Reconfiguration is possible by changing the states of the switches. The antenna was
design, simulated and measured. The analyses showed a good agreement between the
simulation and measured results. The proposed antenna may also be suitable for other
future wireless systems such as cognitive radio.
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ABSTRAK
Di era teknologi alaf baru ini , pelbagai jenis akses rangkaian tanpa wayar
telah diperkenalkan. Rangkaian-rangkaian ini disepadukan untuk melengkapi antara
satu sama lain dari segi liputan, kadar data , sokongan mobility dan harga. Suatu
peranti tunggal boleh disepadukan dengan pelbagai protokol tanpa wayar seperti
Rangkaian Kawasan Tempatan Wayarles (WLAN) dan Worldwide Interoperability
Akses Gelombang Mikro (WiMAX). Walaubagaimana pun, alat-alat ini dikekang oleh
prestasi , berat, kos, saiz dan kerja pemasangan. Oleh itu, antena berprofil rendah
diperlukan untuk peranti sedemikian. Aplikasi WLAN (2.4 , 5.2 dan 5.8 GHz)
dan WiMAX (3.5 dan 5.5 GHz) beroperasi pada pelbagai piawai. Bagi memenuhi
keperluan piawai ini, antena pelbagai jalur boleh ubah adalah dicadangkan. Antena
yang dicadangkan ini terdiri daripada dua pasang jalur berbentuk F, diletakkan di
dalam liang bersegi empat dan masukannya disalurkan melalui planar gelombang
terpandu (CPW). Rekabentuk ini dicetak di atas papan FR4 . Dua pasang jalur F,
digandingkan ke liang dengan menggunakan suis. Konfigurasi semula dengan itu
adalah mungkin apabila keadaan suis ditukar. Antena telah direka bentuk, simulasi
dan diukur. Analisis menunjukkan persamaan yang baik antara simulasi dan keputusan
pengukuran. Antena yang dicadangkan ini mungkin sesuai untuk digunakan pada
sistem tanpa wayar masa depan seperti kognitif radio.
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CHAPTER 1
INTRODUCTION
1.1 Introduction
Antennas are essential components of wireless communications which can
limit the performance of wireless devices. Multi-band antennas are virtually replacing
single band antenna in small wireless devices because of the advancement in recent
technology. Wireless devices are increasingly having new wireless functionalities
and therefore requires antennas that can operates over a wide range of frequencies.
However these devices are also becoming smaller in sizes, and therefore require
smaller and smarter antennas. A multi-band antenna can gives good performance
at certain frequencies bands and rejects other frequencies bands, hence they can be
adapted into these devices to meet such new technology and functionalities.
As the needs of incorporating more communication standard into a single
device keep increasing, while the size of such device keep shrinking, the need
for simple antennas which can easily be integrated with other circuit yet meet the
requirements of such standards are required.
The advantages posed by reconfigurable antenna makes them interestingly
attractive, such as flexibility, small sizes, and generally they are less costly as compared
to other regular antennas, they also possess low out of band noise and new frequency
bands.
Reconfigurable antenna can be modified to alter its fundamental properties
such as its gain, operating frequency,radiation pattern and polarization. This could
be achieved by switching in and out part of the antenna structure, adjusting the loading
or matching externally or by mechanical movements.
21.2 Problem Statement
Wireless Local Area Network (WLAN), and Worldwide Interoperability for
Microwave Access (WiMAX), operates on several standards and a wide range of
frequencies. A single devices with WLAN and WiMAX functionalities therefore
requires antennas that can operates on a wide range of frequencies. Wideband antennas
are good options however, their performance are highly effected by adjacent band
interference, therefore effiecient and compact multi-band antennas with good out of
band noise is proposed. Multi-band resonance can be achieved in slot antennas by
inserting multi-resonant elements into the slot. A multi-band antenna could be fixed or
reconfigurable. Reconfigurable antennas introduces other frequency bands, eliminates
interference and gives more flexibility to a fixed multi-band antenna. This makes
reconfigurable antenna attractive in WLAN and WiMAX.
1.3 Objectives of study
The objective of the study is to design and fabricate a reconfigurable multi-band
antenna that can operate at 2.4/5.2/5.8 GHz for Wireless Local Area Network (WLAN)
and 3.5/5.5 GHz for Worldwide Interoperability for Microwave Access (WiMAX). The
antenna will be reconfigurable between 2 to 7 GHz and implemented by switches.
1.4 Scope of study
The scope of the study includes:
1. Design and simulation of the antenna interms of return loss, radiation pattern
and gain using CST antenna design software.
2. Fabrication of reconfigurable antenna implementing ideal switches.
3. Fabrication of reconfigurable antenna implementing real switches.
4. Performance analysis of reconfigurable and fixed antenna, by comparing the
measured and simulated results .
31.5 Organization of Thesis
This thesis is organized into six chapters describing the work done in the
project. Chapter one gives an overview of the project which includes an introduction,
the motivation, the objective and scope.
Chapter two gives an overview of some of the theories of antenna and also
some previous work carried out, the literature review was carried out on both fixed and
reconfigurable antenna implementing switches.
Chapter three basically shows the project methodology, calculations were also
carried out and the design parameter for the proposed antenna were shown. It also
shows, explanations on simulations procedures for the real switches implementing
CST 2010 design environment.
In chapter four, the simulation and measured results for the reconfigurable
antenna implementing ideal switches were discussed
In chapter five, the simulation and measured results for the reconfigurable
antenna implementing real switches were discussed
And finally, chapter six presents the conclusion and future work.
1.6 Summary
An overview of the project has been described. The problem statement has
shown the drive of the project and the objective and scope of the project has given a
good view of the direction of the project.
REFERENCES
1. Mak, A. C., Rowell, C. R., Murch, R. D. and Mak, C.-L. Reconfigurable
multiband antenna designs for wireless communication devices. Antennas and
Propagation, IEEE Transactions on, 2007. 55(7): 1919–1928.
2. Rhee, S. and Yun, G. CPW fed slot antenna for triple-frequency band
operation. Electronics Letters, 2006. 42(17): 952–953.
3. Saidatul, N. A., Azremi, A. A. A.-H., Ahmad, R. B., Soh, P. J. and Malek,
F. Multiband fractal planar inverted F antenna (F-PIFA) for mobile phone
application. Progress In Electromagnetics Research B, 2009. 14: 127–148.
4. Zhu, J., Antoniades, M. A. and Eleftheriades, G. V. A compact tri-band
monopole antenna with single-cell metamaterial loading. Antennas and
Propagation, IEEE Transactions on, 2010. 58(4): 1031–1038.
5. Zhang, Y., Sun, X., Wu, J.-x., Yang, H.-c. and Zeng, G. Design of a CPW-
Fed compact slot antenna for WIMAX/WLAN applications. Computational
Problem-Solving (ICCP), 2011 International Conference on. IEEE. 2011.
246–248.
6. Sun, X., Zhang, J., Cheung, S. and Yuk, T. A triple-band monopole antenna
for WLAN and WiMAX applications. Antennas and Propagation Society
International Symposium (APSURSI), 2012 IEEE. IEEE. 2012. 1–2.
7. Lin, Y.-C. and Hung, K.-J. Design of dual-band slot antenna with double T-
match stubs. Electronics Letters, 2006. 42(8): 438–439.
8. Bayatmaku, N., Lotfi, P., Azarmanesh, M. and Soltani, S. Design of simple
multiband patch antenna for mobile communication applications using new E-
shape fractal. Antennas and Wireless Propagation Letters, IEEE, 2011. 10:
873–875.
9. Zhao, Q., Gong, S.-X., Jiang, W., Yang, B. and Xie, J. Compact wide-slot tri-
band antenna for WLAN/WiMAX applications. Progress In Electromagnetics
Research Letters, 2010. 18: 9–18.
10. Li, X., Shi, X., Hu, W., Fei, P. and Yu, J. Compact Tri-band
ACS-fed Monopole Antenna Employing Open-ended Slots for Wireless
86
Communication. 2013.
11. Zamudio, M. E. Reconfigurable filtenna for cognitive radio applications. 2012.
12. Jiang, H., Patterson, M., Brown, D., Zhang, C., Pan, K., Subramanyam, G.,
Kuhl, D., Leedy, K. and Cerny, C. Miniaturized and reconfigurable CPW
square-ring slot antenna using thin film varactor technology. Microwave
Symposium Digest (MTT), 2011 IEEE MTT-S International. IEEE. 2011. 1–4.
13. Wang, J. J. and Tripp, V. K. Compact broadband microstrip antenna, 1995. US
Patent 5,453,752.
14. Zohur, A., Mopidevi, H., Rodrigo, D., Unlu, M., Jofre, L. and Cetiner, B. A.
RF MEMS reconfigurable two-band antenna. 2013.
15. Feldner, L. M., Nordquist, C. D. and Christodoulou, C. G. RF MEMS
reconfigurable triangular patch antenna. Antennas and Propagation Society
International Symposium, 2005 IEEE. IEEE. 2005, vol. 2. 388–391.
16. Cetiner, B. A., Qian, J., Li, G. and De Flaviis, F. A reconfigurable
spiral antenna for adaptive MIMO systems. EURASIP Journal on wireless
communications and networking, 1900. 2005(3): 382–389.
17. Nikolaou, S., Bairavasubramanian, R., Lugo Jr, C., Carrasquillo, I.,
Thompson, D. C., Ponchak, G. E., Papapolymerou, J. and Tentzeris, M. M.
Pattern and frequency reconfigurable annular slot antenna using PIN diodes.
Antennas and Propagation, IEEE Transactions on, 2006. 54(2): 439–448.
18. Yamagajo, T. and Koga, Y. Frequency reconfigurable antenna with MEMS
switches for mobile terminals. Antennas and Propagation in Wireless
Communications (APWC), 2011 IEEE-APS Topical Conference on. IEEE.
2011. 1213–1216.
19. Liu, R., Meng, F. and Feng, K. Reconfigurable multiband antenna for mobile
terminals. Cross Strait Quad-Regional Radio Science and Wireless Technology
Conference (CSQRWC), 2011. IEEE. 2011, vol. 1. 527–529.
20. Jing, X., Du, Z. and Gong, K. A compact multiband planar antenna for mobile
handsets. Antennas and Wireless Propagation Letters, IEEE, 2006. 5(1): 343–
345.
21. Yang, S., Zhang, C., Pan, H., Fathy, A. and Nair, V. Frequency-reconfigurable
antennas for multiradio wireless platforms. Microwave Magazine, IEEE, 2009.
10(1): 66–83.
22. Chiang, M.-J., Sze, J.-Y. and Cheng, G.-F. A compact dual-band planar
slot antenna incorporating embedded metal strips for WLAN applications.
87
Microwave Conference, 2009. EuMC 2009. European. IEEE. 2009. 221–224.
23. Haupt, R. L. and Lanagan, M. Reconfigurable Antennas. IEEE Antennas and
Propagation Magazine, 2013. 55(1): 49.
24. Hu, Z., Song, C., Kelly, J., Hall, P. and Gardner, P. Wide tunable dual-band
reconfigurable antenna. Electronics letters, 2009. 45(22): 1109–1110.
25. Sung, Y. Compact quad-band reconfigurable antenna for mobile phone
applications. Electronics letters, 2012. 48(16): 977–979.
26. Alkanhal, M. and Sheta, A. F. A novel dual-bandreconfigurable square-ring
microstrip antenna. 2007.
27. Yassin, A. A. and Saeed, R. A. Reconfigurable dual band antenna for 2.4
and 3.5 GHz using single PIN diode. Computing, Electrical and Electronics
Engineering (ICCEEE), 2013 International Conference on. IEEE. 2013. 63–
66.
28. Zhang, X., Shen, D., Li, L. and Liu, H. A compact frequency reconfigurable
antenna applied to WLAN/WiMAX. Mobile Congress (GMC), 2011 Global.
IEEE. 2011. 1–7.
29. Balanis, C. A. Antenna theory: analysis and design. John Wiley & Sons.
2012.
30. Li, H. Design and simulation of pattern reconfigurable antenna based on RF-
MEMS. 2012.
31. Torpi, H. and Damgaci, Y. Design of dual-band reconfigurable smart antenna.
PIERS Proceedings. 2007. 425–429.
32. Yassin, A. A. and Saeed, R. A. Reconfigurable dual band antenna for 2.4
and 3.5 GHz using single PIN diode. Computing, Electrical and Electronics
Engineering (ICCEEE), 2013 International Conference on. IEEE. 2013. 63–
66.
33. Tekin, I. and Knox, M. Reconfigurable dual band microstrip patch antenna for
Software Defined Radio applications. Wireless Information Technology and
Systems (ICWITS), 2010 IEEE International Conference on. IEEE. 2010. 1–4.
34. Aberle, J. T., Oh, S.-H., Auckland, D. T. and Rogers, S. D. Reconfigurable
antennas for wireless devices. Antennas and Propagation Magazine, IEEE,
2003. 45(6): 148–154.
35. Del Barrio, S. C., Pelosi, M. and Pedersen, G. F. On the efficiency of frequency
reconfigurable high-Q antennas for 4G standards. Electronics letters, 2012.
48(16): 982–983.
